Introduction
The management of hydrocephalus associated with the posterior fossa tumors is always a difficult problem. There
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Stage 2
After complete hemostasis, the ventric end of the stent (7-10cm length of ventricular catheter, Chhabra VP Shunt, Surgiwear, India) was guided into the third ventricle. Third ventricular cavity was irrigated well to drain out the collected blood. The other end of the catheter tip with multiple new side holes was negotiated down to the level of C2 in the subarachnoid space. Finally, the lower end of the stent was fixed to the inner surface of theca at the level of C1-2 with 4-0 Mersilk [ Figures 1-3 ]. The dura was closed primarily in all cases.
Results and Observations
Among the 15 patients, there were nine male and six female patients with a mean age of 23 years (range 4-55 years). Complete tumor excision was achieved in twelve patients and near total excision with clearance of aqueductal opening in Figure 1 ]. The author discussed the technical details and rationale of this procedure. 
Materials and Methods

Surgical Technique Stage 1
The author operated upon all patients in the prone position with Sugita head frame. Midline sub-occipital craniotomy was done in nine cases and craniectomy in the remaining six cases. Following the dural opening, cerebello medullary fissure was opened widely [6, 17, 18] to expose the tumor with the help of a selfretaining retractor. Safe and maximal tumor decompression along with the clearance of aqueductal block was the main aim of stage I surgery. remaining three patients. Stent was placed successfully in all 15 patients [ Table 1 ]. All the patients showed effective control of hydrocephalus with stent well in place [ Figure 1 ]. One child developed pseudomeningocele at the time of suture removal. One-time lumbar puncture and drainage of CSF was required to clear that. Other than that, there were no procedure-related complications in this study. All patients, except a case of brainstem epidermoid tumor were referred to the oncologist for adjuvant treatment. Postoperative follow-up period ranged 4-40 months (average 15 months).
Discussion
One of the common presentations of posterior fossa tumor is hydrocephalus. Nearly 70-90% of all posterior fossa tumors are associated with hydrocephalus on initial presentation [1, 4, 5, 7, 12, [15] [16] [17] 19] and 4% develop progressive hydrocephalus following primary tumor surgery even after complete removal of tumor. [10, 11, 13, 14] Until date, the main management of this hydrocephalus has been surgeon's choice whether to treat it before primary tumor surgery or to follow the case. [11] Treating the hydrocephalus before the primary tumor surgery may be associated with easier dural opening, smother operative conditions, reduced post-op CSF leak or development of pseudomeningocele. Overall morbidity associated with the raised features of hydrocephalus was reduced with this protocol. [9] Whereas complications related to this primary CSF diversion includes chances of tumor bleed and reverse herniation. [14] In cases where the CSF diversion follows the primary surgery, the overall success rates of ETV or VPS is about 70% only. [7, 8, 14] In both the conditions, the shunt diversion procedure is always a second one and each one of them has its own complications. [7, 8, 14] Sainte-Rose et al. [14] reported that, when ETV has preceded the tumor resection, the incidence of postoperative hydrocephalus reduces from 27% to 6%. The incidence of persistent or progressive hydrocephalus without pre-operative CSF diversion is about 10-62%. [8, 14] To overcome few of these complications and the uncertainty prevailing over the timing of CSF diversion, the author applied single-stage technique of tumor decompression followed by stent technique. Most of the patients treated were from poor economic background and many times their follow-up is also compromised. Hence this single-stage technique was adapted to reduce the extra burden of repeat surgeries in patients with persistent or progressive hydrocephalus.
The author opines that, combining both the procedures into a single stage has the advantage of reducing the incidence of progressive hydrocephalus, CSF leak, and pseudomeningocele formation. Like ETV, stent also drains the CSF in to the basal subarachnoid spaces. Thus, will not have complications like CSF over or under drainage. In cases where the complete tumor was excised, the aim of stent was to control the persistent or progressive hydrocephalus. [8, 14] Other use of the stent is to control the obstructive hydrocephalus secondary to tumor recurrence.
Recently, Pitskhelauri et al. [20] described the direct stent techniques in the deep-seated midline brain stem tumors. They highlighted the importance of these techniques in controlling the hydrocephalus and merging two or three different surgical procedures into a single-stage surgery. In the author's view, these simple techniques, when selected properly, could help in controlling the hydrocephalus as well as reducing the multiple surgery-related burden to the patient.
In 1975, for the first time, Lapras [21] described a similar procedure for patients with Arnold Chiari malformations with syrinx [ Figure 4 ]. He placed a stent across the aqueduct connecting the third and fourth ventricle. He also advised regular lumbar punctures for better functioning of the stent. In this series, only one child required single lumbar drainage to control the pseudomeningocele. Routine lumbar drainage was not done as the stent will function with the regular pulsatile forces of the brain and CSF flow dynamics.
[20] Pseudomeningocele might have developed due to the temporary blockade of the stent by blood and blood products. To avoid this complication, it is important to achieve complete hemostasis before placing the shunt and irrigate the ventricular cavity through the stent before the dural closure.
In this series of 15 cases, there were no stent-related complications like malfunction, stent migration and neural complications like third nerve palsy and parinaud syndrome. Unlike the other techniques, the author fixed the lower end of the stent to the undersurface of dura inorder to prevent the migration. Brain stem complications following placement of aqueductal stents were reported by many authors. [22, 23] In this series, as the aqueduct was dilated due to obstructive hydrocephalus, stent placement was easy under direct vision. Hence, the author did not encounter complications related to tube pressure on the tectal plate across the aqueduct. The author observed that the overall incidence of post-operative CSF leak and pseudomeningocele formation is less with this stent technique. The follow-up period ranged between 4 months and 40 months.
Successful retrograde 3
rd ventriculo peritoneal/3 rd ventriculo atrial shunt through the aqueduct was previously described by Goel and Pandya [22] to control the complicated CSF leaks which were uncontrolled with conventional measures. They described an effective placement of shunt from third ventricle to atrium (ventriculo atrial shunt) in a postoperative case of bifrontal meningioma with persistent CSF leak from the cranial wound. In another two cases of postoperative spinal dysraphism with CSF leak, they placed the shunt from third ventricle to peritoneal (3 rd VPS) cavity. They achieved effective control of CSF leak. In their study, third nerve palsy was noted in one patient. This might have been attributable to the passage of shunt tube through the non-dilated aqueduct.
Though our stent technique is simple, it has a potential risk of blockade and stent-related infections like other shunt devices. If patient tends to develop hydrocephalus due to stent block, one can consider other CSF diversion methods like VPS or ETV without disturbing the stent. Uncontrolled infection may warrant the stent removal. However, there is a risk of infection for any kind of surgical procedure and one has to be meticulous and take appropriate precautions to prevent infection. Fortunately, there were no such complications of stent malfunction or infection in this series, which require stent manipulation. Usually, the problem of persistent or progressive hydrocephalus is common in the initial 30 days following the surgery. Hence it is essential for the stent to remain patent for a period of nearly 30 days for CSF to attain its natural flow dynamics. [20] In those patients who develop tumor recurrence, the stent helps in controlling the secondary obstructive hydrocephalus. In this series, similar benefit was observed in a case of cerebellar astrocytoma which recurred after 22 months of primary surgery and radiotherapy. Despite the tumor recurrence, the stent was patent.
There has always been a speculation regarding the tumor cells disseminating through the shunt systems. [24] Most of these disseminations were reported with VPS to the peritoneal cavity. In this technique, there is no problem of migration to the peritoneal cavity and the stent is only bypassing the tumor bed from third ventricle to the cervical subarachnoid space.
Hence, it is a safe and an effective adjuvant CSF diversion technique. The long-term results of this technique need further evaluation with a controlled group.
Conclusion
Midline posterior fossa related hydrocephalus is a common problem without accepted consensus regarding the treatment modalities of hydrocephalus. This study showed the reliability of single stage-tumor excision followed by placement of trans-aqueductal, third ventricle-cervical subarachnoid stent. These simple techniques may reduce the burden of repeat surgeries for progressive hydrocephalus in poor patients. Success rates of these stents are comparable to those of conventional CSF diversion procedures. This is a simple, safe, and effective procedure for the management of persistent/ progressive hydrocephalus. Long-term results need further evaluation to assess the overall functioning of this stent technique.
